In a typical market-based valuation, the standard procedure is to discount the expected free cash flow (EFCF) at the weighted average cost of capital (WACC) and the effect of financing is taken into account by adjusting the WACC. However, in many cases, it may be difficult to capture the various impacts of financing by simply adjusting the WACC. In other cases, as a component of the analysis, the construction of the cash flows to the equity holder may be necessary.
INTRODUCTION
Faced with bewildering arrays of formulas for estimating the cost of capital, a practitioner in the area of equity valuation would be excused for confusion and perplexity. See Fernandez (1999) and Taggert (1989) for a flavor of the complications involved. The objective of this paper is to present a detailed numerical illustration of a simple approach for practical equity valuation with only corporate tax and no personal taxes. This approach to equity valuation is based on one key assumption concerning the appropriate discount rate for the tax shield. If this assumption is accepted, then all of the usual assumptions can be relaxed. The strength of this approach is its simplicity and robustness.
1 It is hoped that this numerical illustration will provide useful guidance for practitioners. Moreover, the framework here can be easily adapted to suit the needs of different analyst and can take into account different financing assumptions.
First, I will briefly discuss the key assumption. Second, based on this assumption, I will discuss how we can relax all of the usual simplifying assumptions and provide the relevant expressions for calculating the cost of capital. Notes and comments on the model are presented in Appendix A. The detailed tables are presented in Appendix B
The key assumption concerns the discount rate for the tax shield. The appropriate discount rate for calculating the present value of the tax shield is ρ, the required return with all-equity financing, and this discount rate does not depend 1 on knowledge about the amount of debt. 2 In the literature, it is widely accepted that the correct discount rate for the tax shield depends on whether the amount of the annual debt is known or unknown. If the amount of the debt at the beginning of the period is known, then it is assumed that the correct discount rate for the tax shield is d, the cost of debt; on the other hand, if the financing policy is to maintain a constant percentage of debt, then the amount of debt is uncertain and thus the correct discount rate for the tax shield is ρ , the required return on allequity financing. Thus, in the multi -period setting, the tax shield for the first year would be discounted at the cost of debt and the future tax shields would be discounted at ρ , the required return on all-equity financing.
In the model presented here, I will use ρ to discount the tax shields for ALL periods. Furthermore, any financing profile is permitted, and it is not necessary to maintain a constant debt percentage. At the beginning of any period n, we can specify the amount of debt or alternatively, we can specify the amount of debt as a percentage of value of the future unlevered cash flows.
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Based on the key assumption, we have a simple formulas for the value of the levered future cash flows, the weighted average cost of capital (WACC) and e, the return to equity with debt financing. At this point I would like to briefly 2 . The theoretical justification for this assumption has been derived and presented elsewhere. Using a no-arbitrage argument, I have shown that the correct discount rate for the present value of the tax shield is ρ. See Tham (1999).
. Here for simplicity, the value of the debt at the beginning of any period is defined as a percent of the present value of the unlevered future cash flow and hence excludes the present value of the tax shield generated by the interest deduction from financing. In principle, it does not matter whether the value of the debt is defined in terms of the levered or unlevered future cash flows. One can derive a relationship between the percentages in the two approaches, depending on whether the value of the levered or unlevered cash flows are used. In some cases, it may be difficult to derive the relationship. comment on the formula for the WACC. We can take account of the impact of the tax savings from the interest deduction due to debt financing by either lowering the WACC or including the tax shield in the free cash flows. Both methods for calculating the WACC are shown. 4 The WACC is adjusted by multiplying the cost of debt with the factor (1 -τ). In some cases, this simple adjustment may not fully capture the impact of the debt financing. For example, if there are losses carried forward, then it not be possible to adjust the WACC with the factor (1 -τ).
We will start with the standard relationship. That is, in any period n, the valu e of the levered firm is equal to the value of the unlevered firm plus the present value of the tax shield, where the discount rate for the tax shield is ρ.
The equation for the Weighted Average Cost of Capital in period n is shown below.
It can be shown that in each period, the WACC is always equal to ρ, the required return with all-equity financing. Also, it can be shown that the return to equity with debt financing is given by the following expression. Note that unlike the typical textbook formulas, there is no adjustment factor of (1 -τ) for the debtequity ratio. 4 . With the increase in the ease of computing, it is much easier to deal with the tax shield rather than adjusting the WACC. Before the advent of cheap computing power, it was s ensible to take the impact of financing into account by adjusting the discount rate. However, with the availability of cheap computing power, the arguments in favor of adjusting the WACC on grounds of simplicity are no longer compelling. Moreover, it may be difficult to take into account all of the impacts of debt financing simply by adjusting the WACC.
The following typical assumptions can be easily relaxed.
1.
It does not matter whether we use the total amount of debt in any period or the debt-equity ratio. For simplicity, the debt percentage is defined in terms of the value of the unlevered cash flows, but this does not affect the result.
2.
It does not matter whether the amount of debt (or the debt-equity ratio) is variable or constant.
3. The analysis will be conducted for a finite period. In practical applications, cash flows in perpetuity are not useful. In this example, we will assume a proje ct with a life of 11 years: three years for investments and eight years of cash flows. The length of the project can be easily extended.
4.
There are multiple investment periods.
5.
There is a reinvestment during the life of the project.
6.
The annual cash flows are variable over the life of the project. In addition, the annual growth rates of the cash flows also vary over the life of the project.
7.
The analysis is conducted in nominal terms. Thus, all of the well-known impacts of inflation o n cash flows are directly modeled. Even though it is unrealistic, we will assume that the expected inflation rate is constant for the life of the project.
8.
Losses carried forward are permitted.
9.
The required return for all-equity financing, ρ , is c onstant for the life of the project. But this assumption can also be relaxed.
10.
The cost of debt is constant for the life of the project. It is unnecessary to specify whether the debt is risk-free or not.
I make the standard assumptions about perfect capital markets. 5 The valuation will be conducted in with following series of steps.
a. For each period n, estimate V UL n , the present value of the future cash flows for the unlevered project. Thus, at the beginning of period n, the present value of the unlevered project is obtained by discounting the future cash flows from period n+1 to period N by ρ, the nominal required return for all-equity financing.
b.
For each period n, based on V UL n the value of the unlevered project and the desired debt-equity r atio or the amount of debt, calculate the value of debt and equity at the beginning of the period n.
c. Based on the amount of debt and the repayment schedule, construct the loan schedule. From the loan schedule, calculate the annual tax savings from the interest deduction due to the financing.
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. For completeness and ease in comparison, I have listed the following summary of the assumptions as presented in Copeland (1988, pg 439 
For each period n, calculate the nominal weighted average cost of capital (WACC) with the following formula:
CONCLUSION
In this equity valuation model, we have assumed that the correct discount rate for the tax shield is ρ , the return to all-equity financing. Using this assumption, we are able to verify that the NPV of the free cash flow (including the tax advantages from debt financing) discounted at the WACC is equal to the NPV of the free cash flow to the equity holder, where the annual return to equity is adjusted for the annually varying debt-equity ratios. 
Expected Domestic Inflation Rate
The expected inflation rate g is 3% and is assumed to be constant for the life of the project.
Annual Return (nominal) to Equity, unlevered
Annual return (nominal) to unlevered equity ρ is 15% and is assumed to be constant for the life of the project.
Discount Rate for the Annual Tax Shields
The discount rate for the annual tax shields is ρ. For emphasis, this is listed as a separate parameter.
Annual Cost of Debt (nominal)
The annual cost of debt (nominal) d is 8% and is assumed to be constant for the life of the project.
Corporate Tax Rate
The Corporate Tax Rate τ is 35%.
Economic life of investment
The economic life of the investment is four years.
Annual Revenues
The annual revenues in the first year of operation is $1,750. On purpose, the value of the annual revenues in year 3 was selected to generate a loss in that year. It is assumed that the losses can be carried forward. The project will last for ten years, from year 1 to year 10. The first year of operation is year 3.
We will assume that there is no working capital, that is, no Accounts Receivable, no Accounts Payable, and no Cash Balances. This assumption does not affect the results of the model presented here.
TABLE 2: Expe cted Domestic Inflation Index
In any year n, the value of the expected domestic inflation index is equal to
The expected domestic inflation rate is assumed to be constant for the life of the project. The first phase of the investment will occur at the end of year 0, year 1 and year 2; the annual investment (real terms) in the first phase is $2,400. The second phase of the investment will occur at the end of year 6; the investment (real terms)
in the second phase is $3,000.
We will assume that the investment costs increase at the expected rate of domestic inflation. The nominal values for the investment costs are obtained by multiplying the real investment costs with the expected domestic inflation index. We will assume straight line depreciation. The annual depreciation is based on the nominal values. We will assume that the economic life of the investment is the length of life used for depreciation in the tax calculations. We will assume that losses can be carried forward.
The tax payments are calculated without any interest deductions because there is no debt financing. As noted before, there is a loss in year 3 and thus there any no tax payments in year 3. The annual interest deductions are based on the financing profile. The loan schedule is constructed later. See Table 10 below. There are losses in year 3 and year 4 and thus there are no tax payments. The accumulated losses exceed the gross income in year 5 and thus there are no tax payments in year 5. financing, is estimated. At the end of year 0, the present value of the difference in the tax payments, discounted at ρ , is $269.87. The difference in the tax payments will be used as the basis for estimating the impact of debt financing. For reference we have also calculated the value of the tax shield based on the product of the tax rate times the annual interest deductions. Note that the present value of the tax shield exceeds the present value of the difference in tax payments due to the fact that the interest payments are accrued in year 1 and year 2. at the end of each period. The financing profile will be specified in terms of these values.
TABLE 9b: Equity Schedule
The equity schedule is an alternative way for calculating the annual values of the unlevered future cash flows at the end of each period. We can verify the values obtained in Table 9a .
The structure of the equity schedule is identical to the structure of a loan schedule. The rate of return on unlevered equity ρ is used for calculating the annual dividends accrued. It is assumed that all of the free cash flow is paid to the equity investor and there are retained earnings.
At the end of year 0, if the NPV of the unlevered cash flows, with the discount rate ρ, was zero, then the ending balance in year 10 in the equity schedule in Table 9b would be zero. However, we see that the ending balance is negative $162.57. The negative ending balance represents an understatement of the annual values of the unlevered equity cash flows. Thus, the ending balance (absolute value) has to be discounted to each year n and added to the ending balance for the equity in year n. With this adjustment, the values obtained in Table   9b are identical with the values calculated in Table 9a . However, in the expressions for the WACC and the return to equity (levered), the percentage debt and the debt-equity ratio must include the value of the tax shields.
Based on the debt percentages in Table 9 , the loan schedule is constructed.
The annual interest deductions are calculated. These values were used in Table 6b above. In the standard model, without the provision for losses carried forward, the annual tax shields would be equal to the tax rate times the annual interest deductions. In this case, because we permit losses carried forward, the annual impact of debt financing is the difference in the tax payments in Table 6a and Table 12 , values for the annual WACC and the return to the levered equity will be calculated with the following formulas.
Weighted Average Cost of Capital in period n
Note that since the debt-equity ratio changes each year, the return to equity also changes each year. In addition, we have also calculated the WACC in two different ways.
First, we calculated the WACC by adjusting d the cost of debt with the factor (1-τ). As expected, this value of the WACC overstates the impact of financing.
Second, we calculate the WACC by subtracting the annual difference in tax payments (as a percent of the levered cash flows) from 15%. Recall that the original WACC is equal to ρ .
WACC n = 15% -Difference in tax payments (A4) Value of levered cash flows in year n As expected, this calculation of the WACC produces the correct result. The Free Cash Flow to the levered equity holder is obtained by adding the annual tax payments (from Table 6b ) and the financing to the after-tax Net Cash Flow (NCF) to the unlevered equity holder from Table 7 .
It is easily verified that NPV of the cash flow to the equity holder is equal to the sum of the NPV of the unlevered cash flow and the present value of the difference in the tax payments due to the debt financing. For completeness, the equity schedule for the levered cash flows is shown. Assumptions:
1. Unless stated otherwise, all values are in nominal terms.
2. Unless stated otherwise, the end of year convention is used. 
Calculation of the NPV with WACC3 
